I2c. E. Patton and C. H. Wilts, J. Appl. Phys. s, 3537 (1967) . The dynamic collective model has been extended to quadrupole giant resonances in spherical nuclei. The Splitting of giant dipole and giant quadrupole resonances due to t h e i r coupling to surfacc vibrations has been calculated for Sn isotopes. Agrcement with recent :J-absorption measurements of the Livermore group has been found.
NUCLEAR GIANT QUADRUPOLE RESONANCES IN SPHERICAL EVEN-EVEN
The dynamic collective theory was successful in explaining the main structure of giant dipole resonances in deformed and spherical n~@ l e i . ' *~ In this Letter it has been extended to include the coupling of the quadrupole giant resonance and the surface vibrations of medium heavy and heavy spherical even-even nuclei. The total Ilamiltonian can be written where H, i s the harmonic Hamiltonian of the surface quadrupole vibrations. H X (X = 1, 2) denote a s well the Hamiltonian for the giant dipole (X = 1) and giant quadrupole (A = 2) oscillations a s well a s their jnteraction with the low-energy surface vibrations:
Here q["lt and q C X 1 a r e spherical creation and annihilation operators for the giant multipole resonance phonons. aC2] denote the amplitudes for the surface quadrupole vibrations which a r e expressed in t e r m s of creation and annihilation phonon op- (2) a spreading of the dipole and quadrupole strength occurs. This is shown for the isotopes Sn"' and Sn124 in the lower part of Fig. 1 . The occuring structure resembles to some extent that of strongly deformed nucleim2
The y-absorption c r o s s sections shown in Figs. 1 and 2 a r e obtained by summing the contributions of the different resonances. Lorentzian shapes with a common width for the giant dipole states, I?" and for the giant quadrupole states, ro, a r e assumed (see Table I ). The experimental data a r e those recently obtained by the Livermore groupG measuring the y-absorption c r o s s sections with monochromatic y rays obtained from electron-positron annihilation in flight. These data seem to reveal the theoretically predicted structure of the quadrupole giant resonances. Both the energies and the strengths of the various levels a r e indicated in the lower part of Fig possibly be due to the vibrational giant dipole satellites predicted at about these energies (see the lower p a r t of Fig, 1) . In fact, it has been shown7 that the escape widths of the giant dipole satellites can vary quite appreciably. Nevertheless, more experimental evidence is necessary Emission of singlet deuterons was observed in the reaction B " ( H~~, b)cil by studying neutron-proton correlations. The resulting angular distributions a r e very similar to those of triplet deuterons and can be described in distorted-wave Born approximation assuming the 3 to behave like a single particle.
The mechanism of a nuclear reaction yielding energies, related to the existence of a bound three particles may be dominated by final-state state (-2.23 MeV, triplet, S = 1, T = 0) and an interaction between two of them, which in the antibound state (-0.06, singlet, S = 0, T = 1, case of the neutron-proton system leads to an ensometimes erroneously referred to a s a resonant hancement of the c r o s s section at small relative state). The singlet interaction being dominant at
